In the present letter, we consider homogeneous and isotropic noncommutative cosmological models induced by a symplectic formalism coupled to phantom perfect fluids and a cosmological constant. After computing the field equations, we solve them to find the scalar factor dynamics. We restrict our attention to expansive solutions, that may represent the present expansion of our Universe. Those solutions generate big rip singularities. We study how the parameters, of those models, modify the time it takes to the scalar factor expands from zero till infinity, at the big rip.
Introduction
In 1998 a great discovery took place in cosmology. In a series of observations of distant supernovas two teams of astronomers discovered that our Universe is undergoing a phase of accelerated expansion [1, 2] . If we consider that our Universe is all that exists, that discovery means that some unknow kind the theory in terms of new commutative variables and NC parameters, such that those new variables satisfy the deformed Poisson brackets to first order in the NC parameters. In the literature, there are two different ways to write the transformations from the NC variables to the new commutative variables plus the NC parameters. In the first one, the transformations are chosen by hand, such that, in the new variables the deformed Poisson brackets are satisfied to first order in the NC parameters [10, 11, 12, 13, 14, 15, 16, 17] . In the second one, an unique set of transformations is induced by the FaddeevJackiw symplectic formalism [20, 21, 22, 23] . That, more elegant, way to introduce the transformations have already been used in cosmological models [18, 19] . In fact, we want to extend the NC model, introduced in Ref. [18] , to the case where the matter content is a phantom perfect fluid.
The general NC model
Following the authors of Ref. [18] , we study, here, NC Friedmann-RobertsonWalker cosmological models. The equation of state of the phantom perfect fluid, present in the model, is given by,
where p is the fluid pressure, ρ its energy density and α is a constant, such that α < −1. The constant curvature of the spatial sections may be positive, negative or zero. The geometrical and matter sectors of the models may be written in their Hamiltonian forms with the aid of the ADM formalism [24] and the Schutz's variational formalism [25, 26] , respectively. The authors of Ref. [18] used those formalisms and wrote, initially, the commutative Hamiltonian for a FRW model where the matter content is a perfect fluid with equation of state (1) and a cosmological constant (Λ), for a generic value of α. The commutative Hamiltonian is given by,
where the authors of Ref. [18] used the unit system where G = c = 1. Then, they applied the Faddeev-Jackiw symplectic formalism to the commutative Hamiltonian (2) and the following deformed Poisson brackets, between the NC canonical variables {a nc , P anc , T nc , P T nc },
{P anc , P T nc } = β, in order to obtain the NC Hamiltonian. In Eq. (3), θ and β are the NC parameters. They are small quantities, such that, we are going to restrict our treatment to first order in those parameters. Finally, that formalism induces the following transformations between the NC variables and new commutative variables ( P a , P T ) plus NC parameters,
The new set of commutative variables satisfies the deformed Poisson brackets (3), to first order in the NC parameters. After setting θ = 0, the authors of Ref. [18] found the following NC Hamiltonian, written in terms of the commutative variables plus the NC parameter β,
Where the authors used that a = a nc and T = T nc , for θ = 0. If one, also, sets β = 0, in eqs. (3), (4) and (5), one recovers the commutative model. Computing the Hamilton's equations from the Hamiltonian (5), the authors of Ref. [18] found two dynamical equations for the scale factor a(t) and an equation for the energy conservation. Using the equation of state Eq. (1), the equation for the energy conservation and one of the two dynamical equations for the scale factor, they were able to write the NC Friedmann equation,
where
C is a positive integration constant which is related to the initial fluid energy density. If we restrict our attention to the commutative model, setting β = 0 in V (a) Eq. (7), we obtain that C = P T . In Eqs. (6) and (7), we removed the tildes in order to simplify the notation and we are working in the gauge where N = 1. Now, we shall solve the above equation to find the dynamics of the scale factor a(t). We want to concentrate our attention on expansive solutions for they may be used to explain the present accelerated expansion of our Universe. We, also, want to compare the solutions to the NC equation (6) with the solutions to the corresponding commutative one (obtained from equation (6) by setting β = 0 and C = P T ). As we can see, V (a) eq. (7) depends on the following parameters: k, which may assume the values +1, 0, -1; Λ, which may be positive, negative or nil; C, which is positive; α, which is smaller than -1; and β, which must be small and may be positive, negative or nil. In fact, observing V (a) eq. (7), we notice that for β positive the solutions to eq. (6) will be bounded. It means that, the Universe will reach a maximum value and then it will contract to a minimum value. Since, we are most interested in expansive solutions, we shall not consider, in the present letter, positive values of β.
As we mentioned, above, we are considering only expansive solutions. Due to the presence of a phantom perfect fluid and the negative NC parameter, those solutions will start at a minimum scale factor value, then, they will expand and finally reach an infinity scale factor value at a finite time. Those universes will end in a big rip singularity. Solving Eq. (6) for many different values of all parameters, we reach the following conclusions concerning the scale factor behavior: (i) For any value of β, the scale factor in the NC model will always expand more rapidly than in the corresponding commutative one. Also, if we fix all parameters with the exception of β, the scale factor will expand more rapidly in the NC model, for smaller values of that parameter; (ii) If we fix all parameters with the exception of α, the scale factor will expand more rapidly in the NC model, as well as, in the corresponding commutative one, for smaller values of that parameter; (iii) If we fix all parameters with the exception of C, the scale factor will expand more rapidly in the NC model, as well as, in the corresponding commutative one, for bigger values of that parameter; (iv) If we fix all parameters with the exception of Λ, the scale factor will expand more rapidly in the NC model, as well as, in the corresponding commutative one, for bigger values of that parameter; (v) If we fix all parameters with the exception of k, the scale factor will expand more rapidly in the NC model, as well as, in the corresponding commutative one, for k = −1, then for k = 0 and finally for k = 1; (vi) The dynamics of the scale factor also depends on the initial value of that quantity (a(t = 0) ≡ a 0 ). We notice that, if we fix all parameters and let a 0 varies, the scale factor will expand more rapidly in the NC model, as well as, in the corresponding commutative one, for bigger values of that quantity. One important way to measure the scale factor expansion speed is the time it takes to reach the big rip singularity, from the initial time t = 0 (τ ). Therefore, in what follows we shall compute τ in order to compare the scale factor expansion speed of different models. In the next section, we shall present the results for some particular models where the above conclusions can be easily verified. It is important to mention that due to the unit system we are considering, here, the time τ , in the tables of the next section, is not given in the usual time units.
3 Results for particular models
Let us consider this model in order to exemplify our conclusions concerning the parameter β. For this model, the spatial sections are flat and the cosmological constant is nil. The potential V (a) Eq. (7), for the present model is given by,
This universe starts to expand from a singularity at a = 0 and then, after a finite time, since β is negative, the scale factor goes to infinity. For β = 0, one obtains the commutative case. Since, the scale factor exponent in the term with the NC parameter β is greater than the one in the phantom perfect fluid term, the time it takes for the scale factor to reach the big rip singularity, in the commutative model, is greater than in the NC one. Also, from V (a) Eq. (8), it is possible to see that for smaller values of β the scale factor expands more rapidly, in the NC model. In Table 1 , we compute τ for different NC models (τ N C ) and for the corresponding commutative models (τ C ). They all have the same values of the parameters C and P T and the scale factor initial value (a(t = 0) ≡ a 0 ). We consider five different NC models.
Model with
Let us consider this model in order to exemplify our conclusions concerning the parameter α. For this model, the spatial sections are flat and the cosmological constant is negative. The potential V (a) Eq. (7), for the present model is given by,
Due to the Λ term, which gives a positive contribution to the potential V (a) Eq. (9), V (a) develops a barrier that starts at a = 0 and ends at the unique potential root (a r > 0). It means that, the universe starts to expand, in that model, from a scale factor value that is greater than or, at least, equal to a r . Then, after a finite time the scale factor goes to infinity. Now, if we consider models with different values of α, we may compute τ for those models and verify that for models with smaller values of α, the scale factor expands more rapidly. For the NC case, as well as for the corresponding commutative one. Table 2 , shows τ C and τ N C for five different models.
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, for the present model is given by,
In the present model, at a = 0, the potential V (a) Eq. (10) is positive and equal to one, due to the constant positive curvature of the spatial sections. V (a) has an unique positive root (a r ). It means that, the universe starts to expand, in that model, from a scale factor value that is greater than or, at least, equal to a r . Then, after a finite time the scale factor goes to infinity. Now, if we consider models with different values of C, we may compute τ for those models and verify that for models with greater values of C, the scale factor expands more rapidly. For the NC case, as well as for the corresponding commutative one. Table 3 , shows τ C and τ N C for five different models. 
Let us consider this model in order to exemplify our conclusions concerning the parameter Λ. For this model, the spatial sections have constant positive curvatures. The potential V (a) Eq. (7), for the present model is given by,
In the present model, at a = 0, the potential V (a) Eq. (11) is positive and equal to one, as in the previous case, due to the constant positive curvature of the spatial sections. V (a) has an unique positive root (a r ). It means that, the universe starts to expand, in that model, from a scale factor value that is greater than or, at least, equal to a r . Then, after a finite time the scale factor goes to infinity. Now, if we consider models with different values of Λ, we may compute τ for those models and verify that for models with greater values of Λ, the scale factor expands more rapidly. For the NC case, as well as for the corresponding commutative one. That result is valid for positive as well as for negative values of that parameter. Table 4 , shows τ C and τ N C for six different models. 
Let us consider this model in order to exemplify our conclusions concerning the parameter k. For this model, the constant curvatures of the spatial sections may be positive, negative or nil. The potential V (a) Eq. (7), for the present model is given by,
In the present model, at a = 0, the potential V (a) Eq. (12) may have the value one, minus one or nil. That will depend on the value of the constant curvature of the spatial sections. V (a) may have no roots (for k = −1), one root at a r = 0 (for k = 0) or one root at a r > 0 (for k = 1). It means that, the universe starts to expand, in that model, from a = 0 (for k = −1 or k = 0) or from a scale factor value that is greater than or, at least, equal to a r > 0 (for k = 1). Then, after a finite time the scale factor goes to infinity. Now, if we consider models with different values of k, we may compute τ for those models and verify that the scale factor expands more rapidly for k = −1, then for k = 0 and finally for k = 1. For the NC case, as well as for the corresponding commutative one. Table 5 , shows τ C and τ N C for three different models. 
Let us consider this model in order to exemplify our conclusions concerning the initial condition a 0 . For this model, the spatial sections have constant negative curvatures. The potential V (a) Eq. (7), for the present model is given by,
Due to the Λ term, which gives a positive contribution to the potential V (a) Eq. (13), V (a) develops a barrier that starts at its first positive root a r1 and ends at its second positive root a r2 . Where a r2 > a r1 . Therefore, if the universe starts to expand with a initial scale factor a 0 < a r1 , it will reach a maximum value and then it will contract to a big crunch singularity, at a = 0. Since, we are only interested in expansive solutions, in the present letter, we must consider models where the universe starts to expand with a initial scale factor a 0 ≥ a r2 . If it is true, after a finite time the scale factor goes to infinity. Now, if we consider models with different values of a 0 , we may compute τ for those models and verify that for models with greater values of a 0 , the scale factor expands more rapidly. For the NC case, as well as for the corresponding commutative one. Table 6 , shows τ C and τ N C for five different models. 4 Estimating the value of the noncommutative parameter β
In the present section, we want to estimate the value of the NC parameter β.
In order to do that let us consider the NC Friedmann equation (6) with the parameters fixed, by the present observations. We, must also, consider the constants G and c in their MKS units, since we want to obtain the time τ in usual time units. Initially, we fix k = 0, which is the most accepted value for the curvature parameter, currently. Then, we consider that the only dark energy source is the phantom perfect fluid. Therefore, we set Λ = 0. We fix the perfect fluid parameter α = −1.01, which agrees with the observations [27] . The parameter C may be written as C = Ω de H 2 0 , where Ω de is the dark energy mass parameter and H 0 is the present Hubble constant. We use, here, that Ω de = 0.7 and H 0 = 72kms −1 Mpc −1 [27] . Introducing those values for the parameters in Eq. (6), we may write it as an integral equation after separating the scale factor dependence from the time dependence, 
In Eq. (14), we fix the present scale factor value a 0 = 1 and the present age of the Universe t 0 = 4.32 × 10 17 s (≈ 13.7 × 10 9 years). Also, in that equation, the time t h means the age of the Universe, when the accelerated expansion started, and a h gives the corresponding scale factor value, at that time. We solve Eq. (14) for nine different set of values of {a h , t h }, finding nine different values for β. They are given in Table 7 . After that, for each value of β obtained, we solve Eq. (6), using the same values of the other parameters, as described in the previous paragraph. And using, as initial conditions, the appropriate values of a h and t h . That gives the opportunity to obtain, for each value of β, the time it takes to the universe reaches the big rip singularity (t br ). In other words to reach its end. The value of that time, for each value of β, is given in Table 7 . 19.0753 Table 7 : Table with the estimates for β and the time till the end of the Universe.
From Table 7 , we observe that β increases as t h diminishes. That result agrees with the idea that noncommutativity should had been more important at the beginning of the Universe. Another result, coming from Table 7 , is that for smaller values of β, t br diminishes. It agrees with the conclusions of our study. For smaller values of β the scale factor expands more rapidly. See Table 1 , from the example of Subsection 3.1, for another instance of that result.
Finally, it is important to mention that in Ref. [17] the authors considered a NC FRW cosmological model, where the matter content is a phantom perfect fluid. In Ref. [17] , the NC was introduced by the following deformed Poisson brackets: {a nc , P T nc } = {T nc , P anc } = γ, where γ is a NC parameter. Comparing those Poisson brackets with the ones used here, eq. (3), we notice that they are different. That difference between the two sets of Poisson brackets, leads to different scale factor dynamics for each NC theory. Therefore, they are not physically equivalent, as it was shown in a detailed comparison between those two theories [16] . Although, we cannot directly compare our results with the ones in Ref. [17] , because the gauge we are considering here is different from the one used there, we notice that our estimates for the NC parameter are very different from the ones obtained there. That, in our opinion, may be another illustration of the difference between the two NC theories.
